We examined the distribution offodrin and cytochrome b561 in secretion-induced rat chromaffin cells (epinephrine cells) by immunofluorescence and immunoelectron microscopy.
Fasted rats injected with a large dose of insulin were perfusion-fixed and frozen sections ofthe adrenal medulla were immunolabeled.
Fodrin, a peripheral membrane protein, was distributed only in the cell periphery in control cells, but was observed in the cell interior after the insulin treatment; many of the markers were found around small vesi- (Bennett, 1985; Marchesi, 1985) . Fodrin, an analog of spectrin, is also localized in the cell periphery in most non-erythroid cells (Glenney and Glenney, 1983; Lehto and Virtanen, 1983; Burridge et al., 1982; Repasky et al., 1982; Levine and Willard, 1981 1976) or nitrocellulose paper ('I#{224}lian et al., 1983 1988a; Fujimoto and Singer, 1986; Tokuyasu et al., 1984; Tokuyasu, 1980) . Incubation for all the antibodies and reagents was performed for 30 mm at 37'C. Sections were labeled either with rabbit anti-rat brain fodrin alone, or guinea pig were incubated with rabbit anti-fodrin antibody (20 sg/ml) for 2 hr at 37'C (Bailyes et al. , 1987) . After repeated rinses and centrifugation, the beads were used for the following experiment.
A homogenate of the adrenal medulla was prepared using a Econo-grind homogenizer and spun at 1000
x g for 5 mm; the supernatant was mixed with the bead preparation for 90 mm at 4'C. After centrifugation at 1000 x g for 5 mm, the pellet was re-suspended in PBS; this procedure was repeated three times. The beads were fixed with 3% formaldehyde for 30 mm at 4'C, rinsed five times, and incubated with guinea pig anti-cytochrome b561 (20 sg/ml) for 30 mm at 37'C. They were then rinsed five times, incubated with goldconjugated goat anti-guinea pig IgG for 30 mm at 37'C, rinsed five times, and fixed with 2% glutaraldehyde overnight at 4'C. After osmification, the samples were dehydrated through an ethanol series and embedded in Spurr's resin, and ultra-thin sections were observed under the electron microscope after counterstaining.
Results

Ultrastructure
To examine morphological changes, ultra-thin plastic sections of epinephrine-secreting chromaffin cells after the insulin administration were observed by electron microscopy.
In control animals, the cells formed a quasi-lobular structure and the cell membranes 1969) , epinephrine cells were much more affected by the insulin administration than norepinephrine cells. Twenty-four hr after the injection, although the cells largely lacked mature dense-core chromaffin granules, the cell contour had returned to normal and the intercellular spaces had become as narrow as in the control ( Figure  lc) . The reversibility ofchanges ensured that although the insulin treatment was toxic to the cells we were not observing a dying process in the present experiment.
Immunofluorescence Microscopy
In control rats, fodrin was seen along the entire surface of chromaffin cells ( Figure  2a ). In most instances, the cell surfaces facing the interlobular connective tissue or capillaries were less intensely labeled than the surfaces facing other chromaffin cells. This observation was confirmed by immunoelectron microscopy (not shown).
The cytoplasmic immunofluorescence was faint and did not take the form of spots, which is expected for chromaffin granules.
One hr after the insulin injection, fodrin was observed continuously along the cell surface;
the diffuse fluorescence in the cytoplasm increased compared to control cells ( Figure  2b ). Some cells showed immunofluorescence of a circular shape in the cytoplasm. . .
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Immunoelectron Microscopy
By immunoferritin electron microscopy, fodrin in the control cells was localized along the cell membrane ( Figure  4a ). As the strep- Control cells contain many chromaffin granules and arejuxtaposed to one another. In contrast, 4 hr after insulin injection the cell surface is undulated and the intercellular space (5) is enlarged. In the cytoplasm, the chromaffin granule is almost absent and many vacuoles (arrows) and vesicles are seen instead. But 24 hr after injection of insulin, although the number of chromaffin granules is still reduced the cells have a normal shape and the interc luIar space is narrow. Original magnification x 3900. Bar = 1 pm. (b) 4 hr after insulin treatment.
In the control, fodrin is localized at the periphery of the chromaffin cells; labeling is more intense along the surface facing cell-cell contacts than thatfacing the connective tissue. Cytoplasmic labeling is low. After insulin injection, although surface labeling is still observed the diffuse cytoplasmic labeling has increased. Moreover, strong labeling in the form of rings and dots is observed (arrows). The intensely labeled cells in the connective tissue are neurons.
Original magnification x 1700. Bar -10 pm.
to the fact that exocytosis and coated pit formation were rarely captured by chemical fixation in rat chroma.ffin cells. Other organdIes, such as Golgi cisternae, also remained unlabeled.
To examine the localization of the two antigens concomitantly, double-labeling immunoelectron microscopy was performed; fodrin and cytochrome b561 were marked with secondary antibodies conjugated with biotin (and then streptavidin-ferritin) and colloidal gold, respectively, which were confirmed free of crossreactivity.
In chromaffin cells 4 hr after the injection of insulin, vacuoles up to 1 urn in diameter and the plasma membrane were labeled for fodrin but not for cytochrome b561 (Figures  6a and 6b Original magnification x 950. Bar = 10 pm. In control cells, cytochrome b561 is observed only in the limiting membrane of the chromaffin granule (hollow arrows); the plasma membrane (arrows), the Golgi cisterna (G), and other organelles are not labeled. When secretion is induced, cytochrome b561 is seen in vesicles (arrowheads) and in remaining chromaffin granules (hollow arrow), but not in the plasma membrane (arrows) or in the large vacuole (V). Original magnification x 36,000. Bar -100 pm.
EXISTENCE
,' . . Post-nuclear supernatant of the adrenal medulla homogenate was incubated with polyacrylamide beads coated with rabbit anti-fodrin antibody, fixed, and labeled with guinea pig anti-cytochrome b561 antibody.
(a-I) 3 hr after the insulin injection; ()-n) control. A majority of immuno-isolated components from insulin-treated rats were labeled for cytochrome b561 (a-f), whereas some were not labeled with gold (h,l). Coexistence of a labeled and an unlabeled component is shown in g. A small number of vesicles were also obtained from control samples, but they were not labeled for cytochrome b561 a-n et al., 1985; Burgoyne, 1984; Herzog, 1981; Suchard et al., 1981; Nagasawa and Douglas, 1972) . Since the behavior of peripheral membrane proteins in the membrane retrieval process has not been studied in detail, one possible explanation of our results could be that fodrin is normally incorporated into coated pits. However, as shown in Figure 4d , we did not see labeling for fodrin in coated vesicles at the cell periphery [ exocytosis and coated pits are observed only rarely in the chromaffin cells in species other than the golden hamster (Benedeczky and Smith, 1972; D'Anzi, 1969; Coupland, 1965; Elfvin, 1965) ].
Moreover, if fodrin were a common component of coated pits, it would be expected that integral proteins ofthe plasma membrane directly or indirectly anchored to fodrin could also be incorporated into coated pits, a process that does not normally occur (Geisow et al., 1985) . Although it is possible that fodrin molecules detached from the plasma membrane later became associated with cytochrome b561-positive vesicles, it seems more likely that the vesicles carrying both fodrin and cytochrome b561 were generated mdcpendent of coated pits.
In bovine chromaffin cells, a secretory granule membrane protein, glycoprotein III, was found to be recovered through coated pits after exocytosis in vitro (Patzak and Winkler, 1986) . The possibility exists that these two membrane proteins have different fates. It is more likely, however, that the difference in membrane recovcry is caused by difkrent secretory responses in the two experimental systems.
In isolated bovine chromaffin cells, only 10-30% of stored catecholamines is usually released into the medium (Phillips et al., 1983; Kilpatrick et al., 1980; Fenwick et al., 1978) ; secretion occurs quickly when the cells are stimulated, but it ceases soon after even though the agonist is still available and the bulk of catecholamines OGAWA remains in the cell. In contrast, insulin injection offasted animals is highly effective in inducing secretion, and depletes as much as 75% of the catecholamine store (Slotkin and Kirshner, 1973) and chromaffin granules (D'Anzi, 1969) . The reason for this great difference in secretory response in vivo and in vitro is not clear, but it may be caused by damage occurring during cell preparation (Patzak et al., 1984; Fenwick et al., 1978) .
A kinetic study ofexocytosis and endocytosis in chromaffin cells suggested that the mechanism ofbulk membrane retrieval is different from specific membrane retrieval that is mediated by coated pits (von Grafenstein et al. , 1986) . The existence of a membrane recovery mechanism that is not mediated by coated pits was assumed to exist also in frog neuromuscular junctions (Meldolesi and Ceccarelli, 1981; Ceccarelli and Hurlbut, 1980 
